Randomised controlled trials represent the gold standard in the evaluation of outcome of treatment. They are needed because differences between treatment effects have been minimised and observational studies may give a biased estimation of the outcome. However, conducting this kind of trial is challenging. Several methodological issues, including patient or surgeon preference, blinding, surgical standardisation, as well as external validity, have to be addressed in order to lower the risk of bias. Specific tools have been developed in order to take into account the specificity of evaluation of the literature on non-pharmacological intervention. A better knowledge of methodological issues will allow the orthopaedic surgeon to conduct more appropriate studies and to better appraise the limits of his intervention.
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In 1996, Richard Horton, 1 editor of The Lancet, initiated a debate on the quality of surgical research. Randomised, controlled trials (RCTs) accounted for only 7% of the original research published in journals on general surgery, despite this design of study producing a high level of evidence. 2, 3 Recently, an assessment of orthopaedic journals found that only 11.3% of the published articles were graded as level I 4 representing the best level of evidence according to the Oxford Centre for Evidence based Medicine. 5 These alarming results have triggered much discussion about the difficulties in assessing surgical procedures. [6] [7] [8] This paper reviews the advantages, limitations and main pitfalls in conducting and assessing RCTs in orthopaedic surgery.
Do we need systematic randomised controlled trials in orthopaedic surgery?
Although RCTs are widely held to be the optimum level of evaluation, they may be unnecessary, inappropriate or inadequate. 9 They are inappropriate when the effect of an intervention is dramatic, and when the likelihood of unknown confounding factors is small and can be ignored. [10] [11] [12] Consequently, observational studies are more widely used to demonstrate the effectiveness of procedures such as surgery for fracture of the hip.
However, with the evolution and improvements in health care, differences between treatments have been minimised, and observational studies may give a biased estimation of their effect. There are several examples of pharmacological and surgical treatments which were initially deemed to be efficacious on the basis of observational studies and physiological considerations, but were then found to be less useful, without value, or even detrimental in subsequent RCTs. 13, 14 For example, initially the use of intramedullary nails for extracapsular fracture of the hip was found, on the basis of observational studies, to be effective, but a meta-analysis of RCTs showed significantly more peri-and post-operative complications when compared with treatment by sliding screws. 15 Randomised controlled trials are inappropriate for the accurate measurement of infrequent adverse outcomes, the assessment of interventions designed to prevent rare events and for the evaluation of outcomes which are far in the future. For the determination of the long-term or rare outcome, the number of patients required in the trial and the difficulties of follow-up are immense. Other designs, such as the use of an arthroplasty register [16] [17] [18] [19] or administrative data, probably better retrieve the relevant information.
procedures can be performed with few restrictions, 20, 21 reducing the incentive for surgeons to perform RCTs.
Many surgeons and other key personnel are reluctant to participate in RCTs. 22 Although surgeons may agree that the best treatment is unknown, each may prefer one method over another, which would prevent participation in a trial. 8, 20 The recruitment of patients may also present difficulties. Their preference is linked to the disadvantages or risks as patients compared with the supposed benefits, and this may limit the number willing to take part in an RCT. Such difficulties are more likely when patients have access to their preferred treatment outside the trial.
Difficulty in funding is a barrier to performing an RCT. 20, 23 Unlike with drugs, surgical trials rely mainly on funding from academia, and grants for assessing surgical procedures are lacking. For example, the rate of success of proposals related to surgery made to the National Institutes of Health, the major source of biomedical funding in the USA, is significantly lower than that for those not involving surgery. The mean amounts awarded for funded research proposals are consistently lower for surgeons than for nonsurgeons, with a range of differences of between 5% and 27%. 24 However, these difficulties may be self-inflicted since the granting of funds may be influenced by the poor quality of some of the surgical research.
The quality of published reports of orthopaedic randomised controlled trials
If an RCT is to be considered as the most powerful method of demonstrating the effectiveness and risks of a treatment, the planning, conduct and reporting of the results must be of a high standard to allow for accurate assessment. 25 In order to avoid bias, it is necessary to have: an adequate method of generation of a randomised sequence; concealment of allocation, which prevents knowledge of the assignment of treatment, thus shielding those who enrol participants from being influenced by this knowledge; blinding, and an analysis of an intention-to-treat in which all randomised subjects are analysed in the groups to which they have been allocated. 26, 27 These standards are not always adequately reported in surgical trials. A systematic review of reports of RCTs in surgery published in 2004 showed that allocation of treatment was concealed in only 24.7% of the reports, a blinded outcome assessment was disclosed in only 17% and an intention-to-treat analysis described in only 35.5%. 28 Bhandari et al 29 assessed the quality of the reported results of RCTs published in the Journal of Bone and Joint Surgery between 1988 and 2000 and gave drug trials a significantly higher mean quality score than surgical trials. Only 7% of surgical trials had at least one author with biostatistical or methodological expertise, and less than half of the reports described concealed randomisation or blinded assessment of outcome. 29 A systematic review of the literature on fractures showed that 99% of the studies were monocentric trials. 30 The studies30 adhered to about onethird of the items in the CONSORT checklist,31 and fewer than 5% provided details which allowed readers to determine whether the patients, clinicians and outcome assessors were blinded in terms of allocation. These findings are consistent with other reviews assessing the quality of surgical trials performed in other fields.
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The main methodological issues in surgical randomised controlled trials The methodological standards of RCTs have mainly been developed from the assessment of pharmacological treatments. Some of these concepts, such as the method of randomisation, concealment of allocation and intention-totreat analysis, are applicable to surgical trials. However, some of these methodological issues are influenced by the high preference of patients and surgeons for one treatment, the difficulties in blinding, the complexity of the intervention, the expertise of the surgeon and the volume of treatment carried out in the centre. These issues require specific attention when planning, conducting and reporting the results of an RCT.
In surgical trials, patients may have strong preferences for the treatment under evaluation, especially if it is to be compared with a pharmacological or conservative approach. This issue is critical for surgical trials because regulatory controls for surgical procedures are not as strict as those for pharmacological treatments and patients can be treated by a new surgical procedure outside the framework of the RCT. Consequently, patients may decline to consent to randomisation.
When blinding is not feasible, patients who are randomised to an intervention which they have not preferred may feel resentful, and this may lead to bias. 36 The Spine Outcomes Research Trial 37 which compared discectomy and conservative care for patients with disc-related pain and neurological symptoms, had important pitfalls. The strong preferences of patients and surgeons, the subjective main outcome and the lack of blinding resulted in a high proportion of patients (45% to 60%) who 'crossed over' treatment strategies with a significant amount of missing data (24% to 27%), thus preventing proper conclusions to be drawn.
To overcome these problems, the Zelen or postrandomisation consent design, and the modified Zelen design with a two-stage consent procedure, may be used. 38, 39 In the modified Zelen design, initially the patients are informed and sign a consent form to participate in a cohort study. They are then told about the treatment to which they have been allocated. This design could enhance recruitment in surgical trials and limit the risk of bias when patients have a strong preference for one procedure over another. 39, 40 The blinding of patients, providers of health care and assessors of outcome is essential to avoid performance bias, with unequal administration of co-interventions in each part, and ascertainment bias when there is unequal evaluation of methods undergoing comparison. Lack of blinding may lead to bias in estimating the effects of treatment. 27, [41] [42] [43] Blinding is more difficult to achieve in surgical RCTs 44 and some surgeons have proposed innovative methods and strategies to overcome this. 45, 46 Placebos of surgery have been suggested as in pharmacological trials. These rely on sham procedures consisting mainly of simulating the intervention and 'standardising' the post-operative care. For example, Moseley et al 47 performed simulated arthroscopic surgery, in which surgeons made a small incision, asked for all the instruments and manipulated the knee as if arthroscopy was being performed, but inserted no instruments. However, the ethical problems linked to the risk of sham interventions when assessing surgery are still not resolved, 8, 21, 48 and patients may be reluctant to undergo such procedures. In the arthroscopic trial only about 40% of the eligible patients agreed to participate. 47 Therefore the external validity of such trials is questionable.
Other proposals have been suggested to limit the risk of performance bias. Contact between patients and nonblinded surgeons may be avoided by having blinded healthcare providers follow patients and prescribe co-interventions. In trials comparing two surgical procedures, the risk of performance bias may be limited by asking surgeons to document the intended optimum intervention before randomisation. 49 Blinding patients by using the Zelen or the modified Zelen design, although rarely proposed, may also be a possible solution.
The risk of ascertainment bias when the provision of the intervention cannot be blinded merits discussion. Some evidence has suggested that a lack of blinding in RCTs may render them less prone to bias when the main outcome is objective (e.g. death). 42 However, when the main outcome is subjective, such as pain or range of movement, special attention should be paid to blinding the outcome assessor and the use of a prospective, randomised open blinded endpoint (PROBE) study. 50 A systematic review of the methods of blinding in non-pharmacological trials highlighted that for most outcomes a blinded outcome assessment is feasible. 45, 46 However, with patient-reported outcomes, if the patients cannot be blinded there is a risk of ascertainment bias, 45, 46 but this can probably be limited if the individual interviewing the patients is independent and blinded.
Surgical interventions are complex and consist of several components, each of which influences the effect of the treatment. Assessment of treatment involves the evaluation of the effect of surgery, of pharmacological treatment, anaesthesia, rehabilitation, orthoses, rest etc. Consequently, these interventions must be described and standardised in order to be administered consistently to all patients and reproduced in clinical practice. There may also be a discrepancy between the intended intervention as described in the protocol and that which is actually administered. 21 The surgeons must be aware that adherence to the planned procedure is important in order to allow an adequate application of the results in practice. 51 A systematic review of surgical RCTs showed that if the intended surgical procedure was described in most articles (87.3%), other important components such as the management of anaesthesia (35.4%) and pre-operative (15.2%) and post-operative care (49.4%), were lacking. 28 Furthermore, the description of the actual operation which was performed was given in less than half of the reports. 28 The expertise of the surgeon and the volume of work carried out in the particular centre have considerable influence on the success of a surgical treatment. [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] Surprisingly, in surgical RCTs, these issues are never accounted for in the planning of the trial or analysis of the results. For example, in a systematic review of RCTs in surgery, the institution and its volume of work were described in only 7% and 3% of the articles, respectively, and the number of care providers was given in only one-third. 28 Surgical expertise and the volume of work may introduce bias in RCTs and have a considerable influence on their external validity. Variation of expertise in one arm of the treatment compared with another implies a bias against the more difficult procedure. Devereaux et al 63 have advocated the use of an alternative design of RCT in which patients are randomised to surgeons with the most advanced expertise in the procedure. This should avoid the bias of differential expertise between treatment groups, increase the rate of participation of patients, and decrease the risk of contamination and differential co-interventions across the treatment groups. 64 However, this approach has never been used in elective orthopaedic surgery, only in emergency surgery in which patient choice is limited.
Although the determination of, and reporting on the expertise of surgeons in a procedure has been advocated, the evaluation of expertise depends on the procedure assessed. 65, 66 Some authors 65, 66, 67 have focused on the qualifications of the surgeons, the years in practice, specific training before participating in the trial, the number of procedures performed and the learning curve or rate of complications.
In individual RCTs in surgery, variation in the outcome will be minimal for patients treated by the same surgeon. 67 The assumption that the observed outcomes of participants are independent is false, and observations for participants treated by the same surgeon may be clustered. 67 This type of clustering must be taken into account when calculating sample size and in the statistical analyses since it is likely to inflate the standard error and reduce the effective sample size, thus reducing the power of the trial.
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Reporting guidelines
The CONSORT 31 statement published in 1996 and revised in 2001 31 attempted to improve the standard of RCTs in surgery. 35 However, important specific issues such as the method of blinding, the expertise of the surgeon, the volume of work of the centre and the different components of the intervention intended and actually administered were insufficiently reported.
An extension of the CONSORT statements for trials assessing non-pharmacological treatments such as surgery has recently been discussed. The publication of this extension should improve the reporting of these important specific issues in RCTs of surgery and allow for adequate appraisal of the internal and external validity of publications in this field.
Appraisal of the surgical literature
The assessment of the quality of reports of trials is particularly important for clinicians in appraising the literature and systematic reviews. [68] [69] [70] Problems with the methods employed can influence the estimation of the effect of treatment, 26, 27 and if the raw material is flawed, then the conclusions of systematic reviews are more likely to compound these biases. Most existing methods have been developed and validated in the context of pharmacological treatments 71, 72 and are not suitable for surgical trials because they do not take into account specific issues in assessing procedures, such as the influence of the providers of care, [73] [74] [75] standardisation, the feasibility of blinding and the risk of bias in unblinded trials. A checklist of items, the Checklist to Evaluate a Report of Non Pharmacological Trial (CLEAR NPT) (Table I) , was consequently developed * the answer should be 'yes' for this item if these data were either described in the report or made available for each arm (reference to a preliminary report, online addendum etc.) † care provider experience or skill will be assessed only for therapist-dependent interventions (i.e. interventions in which the success of the treatment is directly linked to the care providers' technical skill). For other treatment, this item is not relevant and should be removed from the checklist or answered 'unclear' ‡ appropriate experience or skill should be determined according to published data, preliminary studies, guidelines, run-in period, or a group of experts and should be specified in the protocol for each study arm before the beginning of the survey § treatment adherence will be assessed only for treatments necessitating iterative interventions (e.g. physiotherapy which requires several sessions, in contrast to a one-shot treatment such as surgery). For one-shot treatments, this item is not relevant and should be removed from the checklist or answered 'unclear' ¶ the answer should be 'yes' for this item, if the main outcome is objective or hard, or if outcomes were assessed by a blinded or at least an independent end-point review committee or were assessed by an independent outcome assessor trained to perform the measurements in a standardised manner, or if the outcome assessor was blinded to the purpose of the study and hypothesis ** this item is not relevant for trials in which follow-up is part of the question. For example, it is not relevant for a trial assessing frequent vs less frequent follow-up for recurrence of cancer. In these situations, this item should be removed from the checklist or answered 'unclear'
THE JOURNAL OF BONE AND JOINT SURGERY using the Delphi technique 76 to assess the quality of reports of trials evaluating non-pharmacological treatments such as surgery. 77 This checklist is simple and quick to complete and should help clinicians to appraise the medical literature critically, reviewers to assess the quality of reports included in systematic reviews and researchers to plan clinical trials in surgery.
Conclusions
The assessment of surgical procedures raises difficulties. The standards of therapeutic evaluation developed to assess pharmacological treatments are not adapted for assessing surgery. Consequently, RCTs in surgery require the use of specific reporting guidelines and quality tools, with the development of new designs and methods of blinding in order to allow for unbiased estimates of the effect of treatment.
